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BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to a stabilized platform for supporting cameras, 
antennas, chairs, tables, and other articles, and more particularly, the invention 
relates to a self leveling and self correcting stabilized platform. 

Brief Description of the Related Art 

When using a camera on a vehicle such as an automobile, boat, airplane, 
helicopter, and the like, it is often necessary for the camera to be stabilized in 
some manner. Known stabilizing platforms for cameras are generally large, heavy 
devices using gyroscopes for stabilization. 

U.S. Patent Nos. 3,638,502; 4,989,466; and 5,184,521 describe stabilizing 
devices employing gyroscopes. These devices generally employ three 
orthogonally positioned gyroscopes to adjust for pitch, tilt, and yaw of the vehicle 
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on which the device is mounted. The camera is mounted on or in the stabilizing 
device and the device maintains the camera level during motion of the vehicle. 
These gyroscopic stabilization platforms are quite heavy, i.e., greater than 100 
pounds, due to the use of gyroscopes. The devices are particularly designed for 
5 use on helicopters and are mounted on an exterior of the helicopter. The heavy 
platforms add substantial weight to the helicopter, increasing fuel consumption, 
and decreasing the amount of time the helicopter can be airborne for a particular 
shoot. In addition, these gyroscopic platforms are generally able to carry only 
small pay loads, such as cameras weighing 100 pounds or less. 

10 Another drawback of the known gyroscopic stabilizing platforms is that 

they restrict operation of the camera to remote operation using remote controls, 
such as joysticks. Remote operation requires that the camera operator acquire a 
new set of skills for remote manipulation of the camera and does not allow the 
hands on camera control that camera operators are accustomed to using. 

15 Non-electronic stabilizing devices, such as the Steadicam, are limited in the 

total weight that can be compensated for and in their range of motion. 

Other stabilizing systems which have been used on ships for stabilizing 
sighting devices are not only heavy, but rely on the sensors in the ship's internal 
navigation system to drive slave alidades for stabilization. These stabilizing 

20 systems have the drawback of requiring input from the ship's navigation system. 

Accordingly, it would be desirable to provide a lightweight stabilizing 
device which is able to carry a large pay load. In addition, it would be desirable to 
provide a compact stabilizing device which is easily assembled and mounts using 
standard camera mounting plates. 

25 It would also be desirable to provide a stabilizing platform for a camera 

which is independent and self-contained and removes motion caused by waves, 
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currents, and other motion while allowing either hands on control or remote 
control of the camera by the camera operator. 



The present invention relates to a stabilized platform for supporting 
pay loads such as cameras, sensing devices, antennas, and persons. 

In accordance with one aspect of the present invention, a stabilized 
platform includes a payload platform for supporting an article to be stabilized, a 
base, a stabilizing system connecting the payload platform to the base, a first 
sensor package for determining motion of a vehicle on which the stabilized 
platform is mounted in two perpendicular directions, a second sensor package 
including at least one sensor fixed to the payload platform, and a control system 
for stabilizing the platform based on information provided by the first sensor 
package and the second sensor package. The stabilizing system includes at least 
two motors for rotating the payload platform with respect to the base about two 
perpendicular axes of rotation providing the payload platform with stabilization in 
two dimensions. 

In accordance with another aspect of the present invention, a method of 
stabilizing and self correcting a camera platform includes the steps of: positioning 
a stabilized camera platform on a moving vehicle; stabilizing the platform in at 
least two dimensions based on information collected by a first sensor package 
sensing motion of the moving vehicle; and self correcting a position of the 
platform based on information collected by a second sensor package mounted on 
the platform. 

In accordance with a further aspect of the present invention, an anti- 
seasickness chair includes a stabilized platform configured to be mounted on a 
vehicle and a chair mounted on the stabilized platform. The stabilized platform 
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includes sensors for sensing motion of the vehicle and a control system for 
compensating for motion of the vehicle in at least two dimensions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the 
5 preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 

FIG. 1 is a top view of a two axis stabilized platform according to the 
present invention; 

FIG. 2 is a front view of the stabilized platform of FIG. 1; 
10 FIG. 3 is a left side view of a three axis stabilized platform according to the 

present invention; 

FIG. 4 is a side view of a two axis stabilized platform and camera 
mounted on a harness; 

FIG. 5 is a front view of a two axis stabilized platform and camera 
15 mounted on a base having handles; 

FIG. 6 is a side view of a two axis stabilized platform and camera mounted 
on an underwater rail on the side of a boat; 

FIG. 7 is a top view of the two axis stabilized platform of FIG. 6; 
FIG. 8 is an enlarged side view of the stabilized platform of FIG. 6; 
20 FIG. 9 is an enlarged top view of a portion of the stabilized platform of 



FIG. 8; 



FIG. 10 is a perspective view of an alternative embodiment of a two axis 



25 



stabilized platform; 

FIG. 11 is a front view of the stabilized platform of FIG. 10; 
FIG. 12 is a left side view of the stabilized platform of FIG. 10; 
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FIG. 13 is a side view of the two axis stabilized platform of FIG. 1 
supporting an anti-seasickness chair; 

FIG. 14 is a side view of an alternative embodiment of a stabilized platform 
and an operating table according to the present invention; and 
5 FIG. 15 is a top view of the stabilized platform and the operating table of 

FIG. 14. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGS. 1 and 2 illustrate top and side views, respectively, of a two axis 
stabilized platform according to the present invention. The stabilized platform is 

10 stabilized to compensate for motion caused by waves, currents, wind, and other 
motion during land, air, and sea operations of a camera. Although the stabilized 
platform is primarily described as useful for supporting a camera, the platform 
may be used to support other articles or persons. A camera when mounted on the 
platform may be manually or remotely controlled. 

15 As shown in FIGS. 1 and 2, the two axis stabilized platform 100 includes a 

bottom platform 2 connected to a first drive shaft 4 of a first drive mechanism 10. 
The drive mechanism 10 is mounted on a fixed side plate 8 connected to a 
mounting plate 60 of the stabilized platform 100. The first drive shaft 4 may be a 
single or split shaft and is supported by a bearing 6. The drive mechanism 10 

20 preferably includes a motor and depending on the application requirements for 

torque and resolution, a gear box. An encoder is preferably attached to the motor 
and provides feedback about the position of the bottom platform 2. The encoder is 
preferably a high resolution encoder, such as a 1000 count encoder accurate to 
about 0.1 degree. A protective housing 16 preferably encloses the drive 

25 mechanism 10, including the motor, the gear box, the encoder, and may also 
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enclose associated wiring. For use in marine operations, the protective housing 16 
is preferably a waterproof housing. 

A camera mounting platform 22 is supported above the bottom platform 2 
on a second drive shaft 24 of a second drive mechanism 25. The camera mounting 
platform 22 is configured to receive the standard camera mount base of a motion 
picture camera. Alternatively, the mounting platform 22 may be configured to 
receive other types of pay loads. The camera platform 22 is preferably mounted 
off center to prevent backlash. 

The second drive mechanism 30 is mounted orthogonally to the first drive 
mechanism 10 and is fixed to the platform 2, as can be seen in FIG. 3. The 
second drive shaft 24 may be a single or split shaft mounted on a bearing 26 which 
is supported by the bottom platform 2. The second drive shaft 24 is orthogonal 
with respect to the first drive shaft 4 to achieve two-dimensional stabilization of 
the camera platform 22. The second drive mechanism 30 is preferably made up of 
a motor, and depending on the application requirements for torque and resolution, 
an optional gear box. An encoder of the drive mechanism 30 provides feedback 
about a position of the camera platform 22. A protective housing 18 preferably 
encloses the drive mechanism 30, and may also enclose the respective wiring. An 
electronic control box 20 may be connected to the protective housing 18 or to 
another portion of the stabilized platform for controlling the motors. 

The bottom platform 2 is rotatably supported by the shaft 4 and the bearing 
6 on a mounting base 60. The mounting base 60 can be attached directly to the 
surface of a vehicle 64 or other support using bolts 66, clamps, or other mounting 
apparatus. The mounting base 60 also may include a base plate 62 which is 
configured for connection to a standard camera mount. The base plate 62 may be 
attached directly to a vehicle 64, or may be connected to a tripod or other camera 
mounting device. 
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Although FIG. 2 illustrates the stabilized platform 100 in an upright 
configuration with the camera support platform 22 positioned horizontally for 
supporting a camera on top of the stabilized platform, the stabilized platform may 
also be used in other orientations. For example, the stabilized platform may be 
5 inverted and hung from an overhead mount with the camera suspended below the 
stabilized platform, mounted horizontally, or at an angled orientation. 

The two drive shafts 4, 24 are positioned orthogonal to one another to 
provide stabilization of the camera platform 22 in two dimensions. In an upright 
orientation, as shown in FIG. 2, the stabilized platform compensates for pitch and 
10 roll motions of a vehicle. As will be described below with respect to FIG. 3 a 

third degree of motion may be provided for compensating for azimuth motion by 
the addition of a third orthogonally positioned drive shaft to the stabilized platform 
100 of FIG. 1. 

A control system for stabilizing the platform is mounted within the control 
15 box 20 either on one of the protective housings 16, 18, on the mounting base 60, 
or at another position on the stabilized platform 100. The control system uses 
information gathered from a first sensor package A and a second sensor package B 
for stabilizing and self correcting the camera platform 22 as will be described 
below. The control system is preferably a digital system but may also be an 
20 analog system. 

According to one embodiment of the invention, the sensor package A is 
placed either on the base 60, on the platform 62, or on the vehicle 64 or other 
support. Sensor package A includes motion sensors such as rate sensors, 
gyroscopic sensors, fiber optic gyros, or other sensors for sensing motion of the 
25 base. The sensors which are selected are preferably not temperature sensitive. 
For the two axis stabilized platform of FIGS. 1 and 2, preferably the sensors in 
sensor package A are two orthogonally positioned rate type sensors sensing motion 
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of the base 60 along two orthogonal axes. The sensor package A provides 
instantaneous signals to the control system at a high frequency, such as about 100 
times per second or greater, preferably about 800 times per second or greater. 

The sensor package B is mounted on the camera support platform 22. The 
5 sensor package B includes one or more motion sensors which provide position 
feedback to the control system. Preferably, the sensors in sensor package B are 
level sensors. For the two axis stabilized platform of FIGS. 1 and 2, preferably 
the sensors in the sensor package B are two orthogonally positioned sensors, 
i M Sensor package B allows the automatic correction of anomalies and allows the 

'Q 10 stabilized platform 100 to be self-leveling. In particular, the sensor package B 

^ provides information about the stabilized position of the camera platform 22 to the 

j y control system and allows the control system to automatically correct for 

=■3 anomalies in the sensor package A, such as gyro precision, drift, rate sensing 

I i error, and other errors in the sensing and control systems. The signals from the 

15 sensor package B are provided to the control system periodically, such as about 
□ every 0.1 to 60 seconds, preferably about every 1-2 seconds. The sensor package 

B allows for automatic correction of the camera platform 22 to a horizontal or 
other predetermined position. An operator may determine and preset the desired 
stabilized position of the camera platform 22 with respect to the earth's horizon 
20 and a magnetic course heading. 

The use of two independent sensor packages located on the base 60 and the 
camera platform 22 according to the present invention provides the distinct 
advantage of self leveling or self correcting. Without the two sensor packages the 
camera platform tends 22 to drift away from an initial set position or a level 
25 position over time. 

According to an alternative embodiment of the invention, the sensor 
packages A and B are both located on the camera platform 22. In this 
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embodiment, certain modifications to the control system are necessary to prevent 
backlash in the motor and/or gear from creating a vibration of the platform. 

One example of a stabilized platform 100 for use on boats and other 
vehicles has the capability of compensating for pitch and roll motions of about 70 
5 to about 90 degrees, weighs less than about 40 pounds, and accepts pay loads of at 
least 100 pounds, preferably, at least 150 pounds. The stabilized platform 100 
when designed for us with aircraft, preferably has the capability of compensating 
for pitch, roll, and yaw motion of 360 degrees. 

The embodiment of FIG. 3 adds a third axis of rotation to the stabilized 

10 platform to maintain the orientation of the camera platform 22 in an azimuth axis. 
According to this embodiment, a base plate 62 of the embodiment of FIGS. 1 and 
2 is mounted on a rotary bearing 74 with or without a riser 72. A third drive 
mechanism 80 is provided including a motor, an optional gear box, and a encoder. 
A drive shaft 86 of the drive mechanism 80 rotates the base plate 62. A motor 

15 housing 82 is connected to a base plate 84 which may be firmly attached to a 
vessel, vehicle, tripod, or other support either vertically, horizontally, in an 
inverted position, or at other angular positions. 

In the embodiment of FIG. 3, the control system obtains data from the 
sensor package A located on the housing 82 of the drive mechanism 45, on the 

20 base plate 84, on the vehicle, on the platform 22, or other mounting surface. The 
control system also receives data from the sensor package B located on the camera 
platform 22. A coaxial rotary joint, not shown, may be installed between the 
riser 72 and motor housing 82 to provide a convenient system for transmitting 
signals and electrical power to and from the control system. According to this 

25 embodiment, the sensor package A and sensor package B preferably each include a 
third sensor to recognize motion in the azimuth axis. In the arrangement of FIG. 
3, the range of azimuth control of the camera platform 22 is unlimited. 
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An alternative embodiment of the two axis stabilized platform 150 is 
illustrated in FIGS. 10-12. In this internal embodiment, the drive mechanisms are 
in a stacked arrangement for a more compact system in a width dimension which 
may be slightly larger in a height direction in the orientation illustrated in FIG. 10. 
5 According to this embodiment, a base plate bracket 130 is attached to a first drive 
mechanism 134 including a motor, a gear box, and encoder. A drive shaft 142 of 
the motor supports a first platform 140 on which is mounted a second drive 
mechanism 154 having an orientation which is orthogonal to the first drive 
mechanism 134. A drive shaft 162 of the second drive mechanism 154 supports 

10 the camera mount platform 160. Bearings 138, 144, 158, 164 are provided in the 
motor housings for supporting the drive shafts 142, 162. 

According to this embodiment, the pay load, such as a camera, is attached 
to the pay load or camera platform 160. A first sensor package A is attached to the 
base plate bracket 130 while a second sensor package B is attached to the camera 

15 or pay load platform 160 for operation in the manner described above. The 
stabilized platform 150 according to FIGS. 10-12 can be placed vertically as 
shown, horizontally, or inverted as well as other angled orientations. 

The stabilized platform 100, 150 according to the present invention allows 
hands on or remote operation of the camera on the camera platform 22. For 

20 hands-on operation, a universal camera mount is mounted between the platform 22 
and the camera. The universal camera mount provides the ability to move the 
camera in three dimensions while the platform 22 remains stable. This option of 
hands-on control of the camera is not available in any of the known stabilized 
camera platforms. 

25 Alternatively, the camera may be remotely controlled by providing a 

commercially available remote-controlled universal camera mount between the 
stabilized platform 100 and the camera. 
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In addition to supporting the stabilized platform on a vehicle, tripod, or 
other base, the base plate of the stabilized platform 100, 150 may be attached to a 
suitable body harness 101 to be worn by a camera operator or assistant, as shown 
in FIG. 4. When mounted on the body harness 101, the stabilized platform 100 
5 provides stabilization of the motion of the person in two or three directions during 
use of the camera. A camera 42, as illustrated in FIG. 4, may be mounted on the 
stabilized platform 100. An optional riser 40 may be provided between the 
stabilized platform and the camera 42 or between the stabilized platform and the 
harness 101 to adjust a height of the camera 42 for ease of use. The camera 42 

10 may be provided with an external monitor 44 allowing for improved ease of 
viewing by the operator. 

As shown in FIG. 5, as an alternative to the harness 101, various types of 
handles 106, 108 may be mounted on the mounting plate 62 of the stabilized 
platform 100. The handles 106, 108 may be rigid, flexible, or formed of an 

15 elastic material. The handle material will provide different degrees or horizontal 
and vertical drift resulting in a different "look" as seen by the camera lens. For 
example, a motion picture camera if moved toward a subject has the same object 
size as if a zoom lens were used and the camera remained stationary. However, 
the effect of the image on the film in relation to depth of field, and image quality 

20 would be vastly different. Image quality movement would likewise be creatively 
different by using different types of support handles 106, 108 or a dolly. 

FIG. 6 illustrates a stabilized platform 100 and attached camera 170 in one 
example of an underwater application. As shown in FIGS. 6-8, the stabilized 
platform of FIG. 1 is shown encased in a waterproof housing which is generally a 

25 form fitting waterproof case 172 which fits around the stabilized platform. A lid 
174 of the waterproof case is provided with a plurality of tension latches 176 and 
an O-ring (not shown) which is compressed between the lid and the case upon 
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closure of the latches to prevent water from entering the case. A rubberized boot 
178 is attached to one side of the lid 174. An opposite end of the rubberized boot 
178 is sealed to an underside of the pay load platform 22 forming a water tight seal 
between the pay load platform and waterproof case 172. A sealed underwater 
5 camera 170 is attached to the pay load platform 22. 

In operation of the embodiment of FIGS. 6-9, the camera 170 and 
stabilized platform 100 can be mounted on a shelf 182 which is movable on a rail 
184 on the exterior of a vehicle such as a boat 186. As shown in FIG. 6, the 
camera 170 can be lowered down the rail 184 from a pitching, rocking boat, and 

10 the stabilized platform 100 will maintain the camera with a stabile horizon as it 
moves from above to below the surface of the water. 

FIG. 13 illustrates an anti-seasickness chair 112 according to the present 
invention. According to this embodiment, the base plate 62 of the stabilized 
platform 100 is attached to a vessel or vehicle deck and a chair 112 is fixed to the 

15 payload platform 22 by the post 1 10. The length of the post 110 and configuration 
of the chair 112 are variable depending on the particular application and for user 
comfort. An armrest or small table 114 can be attached to the chair 112, 
providing a stable working surface for the occupant. A footrest 116 and headrest 
118 can also be added. 

20 The anti-seasickness chair 1 12 of FIG. 13 can be used to eliminate two 

components of the motion of a moving vehicle, resulting in the occupant 
experiencing only one dimensional or up and down motion which is less apt to 
cause seasickness than motion in three dimensions. 

FIGS. 14 and 15 illustrate a self-stabilized hospital or operating bed 200 for 

25 use on vehicles. The self-stabilized bed 200 includes a pedestal base plate 201 

which is firmly secured to the floor of a boat or other vehicle. A rigid post 202 is 
attached to the base plate 201 and supports a universal joint 203. The universal 
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joint 203 connects the post 202 to a center or balance point of a bed frame 234 and 
acts as a pivot point for the bed frame. Attachment points 206, 208, 210, and 212 
on the post 202 are sleeve bearings or other rotatable bearings. Attached to each 
of these sleeve bearings is a combination motor M and linear actuator 214, 216, 
218, and 220. An opposing end of each of the linear actuators is attached to a 
sleeve bearing 222, 224, 226, and 228 which is securely attached to the bed frame 



According to this embodiment, the bed frame 234 is pivoted back and forth 
around a first axis by one of the pairs of linear actuators 214, 216 and is pivoted 
about a second axis orthogonal to the first axis by a second pair of linear actuators 
218, 220. According to an alternative embodiment of the self-stabilized bed 200 
of FIGS. 14 and 15, two or three linear actuators may be used for rotation of the 
bed frame 234 about two axes. 

Attached to the bed frame 234 is a platform 230 which is a one or more 
sided platform for supporting a doctor or a surgeon. The platform 230 may vary 
in size and shape to accommodate one or more persons as well as medical 
equipment. Structural cross members 232 are added to the platforms 230 for 
additional strength as required. The bed frame 234 may also support various 
attachments such as surgical instrument platforms and equipment stands which are 
also stabilized due to their attachment to the bed frame structure 234. The bed 200 
is controlled by a control box 240 which receives information from the sensor 
packages A and B and controls the motors M of the linear actuators. 

While the invention has been described in detail with reference to the 
preferred embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 
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